Objective: The aim of this study was to predict mid-term left atrial reverse remodeling after mitral valve surgery. Patients and Methods: Echocardiographic data was obtained preoperatively and at follow-up from 105 patients who underwent mitral valve surgery. Left atrial volume (LAV) was decreased by >30% from baseline in 43 patients (group A), but not in 62 patients (group B). Results: Patients in group A were younger (p = 0.0029). Male was more (p = 0.05) and prosthesis size was bigger in group A (p = 0.005). Only age was a predictor of left atrial reverse remodeling in a logistic regression model (OR = 0.93, 95% CI 0.88 -0.99; p = 0.03). Late mean trans-mitral pressure gradient was lower in group A than in group B (p = 0.01). There was a weak correlation between the change in left ventricular end-diastolic diameter (LVDd) and LAV (correlation coefficient 0.27, 95% CI 0.07 -0.45; p = 0.008). Survival and freedom from major adverse cardiac events did not differ between the groups (p = 0.31 and p = 0.87 by log-rank test). Conclusions: Age was the only predictor of left atrial reverse remodeling. There was a weak correlation between changes in LVDd and LAV.
Introduction
Left ventricular remodeling, enlargement of the left ventricle, is a well-known consequence of left ventricular dysfunction [1] . Medical treatment of chronic left ventricular heart failure is thought to cause left ventricular reverse remodeling, which is a reduction in the size of the left ventricle. Not only medical treatment, but also mitral valve surgery can cause left ventricular reverse remodeling. Left ventricular reverse remodeling can lead to better clinical outcomes. In contrast, changes in the size of the left atrium have not been as well studied. Left atrial enlargement is associated with adverse cardiovascular outcomes, including left ventricular dysfunction, atrial fibrillation, and stroke [2, 3] . Causes of left atrial enlargement are thought to include atrial fibrillation and mitral valve disease [4] .
Patients with severe long-standing chronic mitral valve disease or atrial fibrillation can experience alterations in the size of the left atrium, a process known as left atrial remodeling [5] . For example, left atrial remodeling can be caused by pressure overload in association with mitral stenosis or volume overload in association with mitral regurgitation [4] . Left atrial remodeling includes left atrial dilatation, left atrial dysfunction, and left atrial failure [6, 7] . Since mitral valve surgery can correct anti-physiological conditions in the mitral valve, it can also cause left atrial reverse remodeling.
In this study, we aimed to identify predictors of midterm left atrial reverse remodeling after mitral valve surgery, and to compare left atrial reverse remodeling and left ventricular reverse remodeling.
Patients and Methods
A total of 105 mitral valve surgeries were performed between 2006 and 2009 at our institution and were included in this study. Initial data were collected from patient medical records. Full Doppler echocardiography was performed preoperatively and more than 6 months postoperatively for all patients.
Left ventricular end-systolic diameter (LVDs), left ventricular end-diastolic diameter (LVDd), and end-diastolic septal and posterior wall thickness were measured in the parasternal view using 2D-guided M-Mode echocardiography in accordance with the recommendations for chamber quantification [8] . Left ventricular ejection fraction (EF) and mitral valve area were also recorded. Left atrial volume was measured using the prolate ellipse method [9] . The postoperative peak and mean diastolic pressure gradient across the mitral valve and tricuspid valve were calculated from the apical 4-chamber view.
Institutional approval for this study was obtained, and each patient provided informed consent before participation. Patients in whom the mid-term left atrial volume was decreased by >30% from baseline were classified as group A, and those in whom no such change was seen were classified as group B. We then compared the background, outcomes, and echocardiographic data from the patients in these 2 groups.
The primary endpoint was late survival, and the secondary endpoint was the incidence of major adverse cardiac events (MACE) and neurological events. MACE was defined as cardiac events that required re-admission. Follow-up was conducted periodically on a structured outpatient clinic basis, along with a review of hospital healthcare records and echocardiographic documentation.
Surgical Procedures
All surgeries were performed under general anesthesia. Anesthetic techniques and medications were similar in all patients. Anesthesia was induced with fentanyl, propofol, and neuromuscular paralytic drugs and was maintained by inhalation anesthesia using the same drugs. All mitral valve surgeries were performed with moderate hypothermia and antegrade cold cardioplegic solution. Bypass management included membrane oxygenators, arterial line filters, use of a roller pump, a nonpulsatile flow of 2.4 l/min/m 2 and a target mean arterial pressure > 50 mm Hg. MAZE procedures were performed using a radiofrequency ablation device.
Statistical Analysis
All data were reviewed retrospectively. All continuous values are expressed as mean ± SD. A comparative analysis of the 2 different patient groups was performed. Differences were analyzed using univariate analyses (the χ 2 test, the two-tailed t test, and the Mann-Whitney U test as appropriate). The Kaplan-Meier method was used to assess the time-related outcomes of survival and freedom from MACE. Survival curves were compared using the log-rank test; p < 0.05 was used to indicate significance.
Results
Overall, left atrial volume decreased from 108.6 ± 72.6 mL (preoperative period) to 79.4 ± 53.8 mL (long-term follow-up). Mid-term left atrial volume was decreased by >30% from baseline in 43 patients (group A), but no such changes were observed in 62 patients (group B). The average follow-up was 18.0 ± 11.1 months, and the average duration between surgery and follow-up echocardiogramphy was 16.2 ± 1.33 months. Tables 1 and 2 show preoperative and perioperative variables, respectively. Patients in group A were younger (64.1 ± 7.4 years) than those in group B (69.3 ± 7.7 years; p = 0.0029). The proportion of males was also higher in group A (67.4%) compared with group B (46.7%), and the prosthesis was larger in group A (27.8 ± 1.7 mm) than group B (26.7 ± 1.7 mm) (p = 0.005). The proportion of patients with a pathological disorder, mainly mitral regurgitation, did not differ between the groups (A, 88.4% vs. B, 82.3%; p = 0.42), nor did the proportion requiring valve repair (A, 11.6% vs. B, 8.1%; p = 0.73). A mechanical valve was used in 65.8% of patients in group A and 31.6% of patients in group B (p = 0.005). There was no betweengroup difference in the prevalence of preoperative atrial fibrillation (A, 48.8% vs. B, 48.4%; p = 0.99), performance of MAZE procedures (A, 25.6% vs. B, 16.1%; p = 0.32), or late atrial fibrillation (A, 32.6% vs. B, 33.0%). Table 3 shows the results of a multivariate predictor analysis of mid-term left atrial reverse remodeling. Factors with p < 0.05 in the univariate analysis were included in the multivariate analysis. Preoperative atrial fibrillation, which has been reported to be a factor causing left atrial remodeling, was also included in the multivariate analysis. Only age was found to be a predictor of left atrial reverse remodeling in the logistic regression (Figure 1) . Clinical outcomes are shown in Table 5 . The survival rate and freedom from MACE were not significantly different between the groups (p = 0.31 and p = 0.87 by log-rank test) (Figures 2 and 3 ).
Discussion
Left atrial size has traditionally been thought to be important in patients with mitral valve pathology because it reflects the history (severity and duration) of mitral valve Correlation between changes of LA volume and change of LVDd disease [4] . Atrial enlargement has also been considered to occur as a consequence of atrial fibrillation [5] . While left ventricular reverse remodeling after mitral valve surgery has been widely reported, left atrial remodeling has not been well studied [1] . Left atrial volume rather than left atrial dimension or size has traditionally been considered important [6, [10] [11] [12] [13] [14] . Recently, left atrial volume and function have been reported to be important for atrial fibrillation and left ventricular dysfunction [6, 13, [15] [16] [17] . Left atrial enlargement is common and is associated with various adverse cardiovascular outcomes, including atrial fibrillation and thromboembolic events [13, 18] . Osnranek et al. reported that patients with a left atrial volume > 32 mL/m 2 had an almost 5-fold increased risk of postoperative atrial fibrillation after cardiac surgery [18] . Left atrial volume is a more robust marker of cardiovascular events than either left atrial area or diameter [15] . Left atrial enlargement can also be induced by acceleration of mitral valve pathology, a process known as left atrial remodeling. Left atrial remodeling leads to left atrial enlargement, left atrial dysfunction, and left atrial failure [6, 7] . Recently, left atrial remodeling has also been associated with left ventricular diastolic dysfunction [19] [20] [21] . This process is commonly associated with pressure overload in mitral stenosis or volume overload in mitral regurgitation.
Mitral valve surgery has already been reported to induce left ventricular reverse remodeling and left atrial reverse remodeling [2, 17, 22, 23] . However, factors predictive of mid-or long-term left atrial reverse remodeling after mitral valve surgery have not been clarified. This is the first report on the mid-term left atrial reverse remodeling after mitral valve surgery. Although we did not find any difference in mid-term survival or freedom from MACE, long-term follow-up studies are needed to prove that better clinical outcomes are associated with left atrial reverse remodeling. We also found a correlation between left atrial reverse remodeling and left ventricular reverse remodeling. The mechanisms by which reverse remodeling of the left atrium and left ventricle occur have not been clarified, and the relationship and correlation between left atrial and ventricular reverse remodeling have not been documented previously. There is no clear pathological explanation for our findings, and further studies are needed to clarify the mechanism responsible for this correlation.
Cho et al. studied left atrial reverse remodeling occurring immediately after mitral valve surgery [24] . They reported that a larger preoperative left atrial volume, mitral regurgitation rather than stenosis, younger age at the time of surgery, and sinus rhythm were predictive of left atrial reverse remodeling after mitral valve surgery. In comparison, our study supported the findings of younger age and larger preoperative left atrial volume being predictive of left atrial reverse remodeling, but we found no such association for sinus rhythm or mitral pathology.
Most patients with preoperative atrial fibrillation have already undergone significant left atrial remodeling before surgery (atrial enlargement has been considered a consequence of atrial fibrillation for at least 2 decades) [5] . The preoperative left atrial volume is thus significantly larger than normal in this patient group and so for these patients 2 preoperative factors, namely, preoperative rhythm and preoperative left atrial size, are strongly associated with each other. Reant et al. reported that restored sinus rhythm appears to be associated with left atrial reverse remodeling and reserved left ventricular diastolic function [25] . In our study, multivariate analysis eliminated the influence of preoperative rhythm. However, we still think that the preoperative sinus rhythm could be a preoperative predictor. However, we also believe that even patients with atrial fibrillation could have left atrial reverse remodeling if they have a large preoperative left atrial volume. Tsang noted that left atrial volume is an important predictor of cardiovascular events among patients with sinus rhythm, but not among patients with atrial fibrillation [15] . Our study suggests that, in patients with atrial fibrillation, mid-term left atrial reverse remodeling after mitral valve surgery could lead to better mid-term clinical outcomes.
Left atrial reverse remodeling after mitral repair has been reported by several authors [2, 22, 23] . Westenberg reported that restrictive annuloplasty for patients with dilated cardiomyopathy resulted in significant left atrial and left ventricular reverse remodeling [22] . Camterin et al. reported on left atrial reverse remodeling early after mitral valve repair for mitral regurgitation [2] . They concluded that left atrial reverse remodeling is common and that a larger left atrium, lower blood pressure, and younger age preoperatively and lower trans-mitral mean pressure gradient and smaller residual mitral regurgitation postoperatively, were predictors of left atrial reverse remodeling [2] . Our findings support the predictive ability of a larger left atrium and younger age preoperatively and a lower trans-mitral mean pressure gradient postoperatively. Whether a procedure is performed for repair or replacement, and whether the preoperative diagnosis is mitral regurgitation or stenosis, could also be predictive of left atrial remodeling after mitral valve surgery.
Limitation
There were several limitations to the present study. This was a single-institution, non randomized, retrospective, observational clinical study. The sample size was small. We cannot, therefore, exclude a possible bias due to institutional standards or the patient population. Larger prospective studies are required to offset these limitations.
Conclusion
Age was the only predictor of mid-term left atrial reverse remodeling. There was a weak correlation between changes in LVDd and left atrial volume.
